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Summary
Objective: To evaluate the reproducibility of commonly used radiographic measures in hip and knee OA and to
overcome certain limits of existing knowledge on their reliability from previous studies.
Design: Three readers evaluated 100 hip joints (50 pelvic X-rays) and 100 antero-posterior and lateral knee films of a
hospital-based sample of patients with radiographic OA at two time points 3 months apart. They retrospectively
estimated the presence and severity of joint specific individual radiographic features (osteophyte formation and joint
space narrowing at di#erent sites, cysts, subchondral sclerosis, bony deformity and chondrocalcinosis) and two
di#erent overall scores. Within and between observer reproducibility was calculated by intra-class correlation
coe$cient.
Results: At the hip joint excellent intra- as well as inter-observer reliability for superior joint space narrowing (JSN)
and femoral head deformity could be demonstrated, while the assessment of medial JSN, osteophytes and acetabular
sclerosis depends on the level of the investigator’s experience. At the knee joint, femorotibial and patellofemoral
osteophytes showed a high intra- and inter-observer reliability. Grading of JSN is highly reader dependent; rating of
subchondral sclerosis and chondrocalcinosis does not seem to be reproducible enough. The overall scores showed an
excellent reproducibility both at hip and knee joints.
Conclusion: A reliable radiographic severity grading of hip and knee OA is possible with the application of global
scores and individual features, if joint specific items are selected and readers are trained enough.
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ACCORDING to recent recommendations regarding
the methodology of clinical trials in patients with
osteoarthritis [1, 2], radiographs should currently
be used not only as an entry criterion but also as a
principal outcome measure. Since Kellgren and
Lawrence developed the first radiographic grading
scale about four decades ago [3], di#erent scoring
systems have been published, to assess morpho-
logical changes of hip and knee joints in clinical
and epidemiological studies (Table I). They are
mainly based on individual or overall grading of
radiographic features, which represent various
aspects of cartilage loss and subchondral bone
reaction in osteoarthritis.
One of the most inevitable prerequisites for the
application of those grading scales in single- as
well as multi-centre trials is an appropriate repro-731/177-1103.
239ducibility of the recorded features. But in a recent
review of radiographic grading scores in hip and
knee OA [4] we could show that reliability studies
were reported for only 12 among the identified 26
scores. It seems also very di$cult to compare the
results of these reliability studies due to wide
variations of setting and study design. In particu-
lar, information on number and qualification of
involved observers as well as time intervals
between repeat readings is often di#erent or even
missing, the number of patients included is rather
small in some studies, and another di$culty in
comparison results from the di#erent statistical
measures used. Additionally, with the exception of
performed reliability studies of the Kellgren and
Lawrence score, all identified reliability studies
within the past 10 years were carried out by the
authors of those scores. Assuming a relatively high
training of readers in these investigations, one
must be cautious transferring the results into
routine practice, although it is hard to speculate
from the published data to which extent this would
apply.
240 Gu¨nther and Sun: Reliability of radiographic OA assessmentFor that reason we decided to perform a reliabil-
ity study within a subgroup of the ‘German Society
of Orthopaedic Surgery and Traumatology’ as part
of our e#orts, to support the application of stand-
ardized and reproducible criteria in diagnosis and
therapy of osteoarthritis. The aim of this investi-
gation was therefore, to assess the reproducibility
of commonly used individual radiographic features
and overall scores in a hospital-based sample of
patients with radiographic hip and knee osteoar-
thritis and to overcome identified limits of existing
knowledge on their reliability.Material and methodsPATIENTS AND RADIOGRAPHS
From the outpatient clinic of the Department of
Orthopaedic Surgery (RKU) at the University of
Ulm, 50 anteroposterior films of the pelvis (mean
age of the patients 57.4 years, range 25–75 years)
and 100 single anteroposterior and lateral knee
radiographs (mean age of the patients 55.2 years,
range 25–75 years) were selected. The X-rays were
chosen by an orthopaedic surgeon, who did not
participate in the study, to represent a range of
severity of hip and knee osteoarthritis (random
distribution to the 5 severity grades according toKellgren and Lawrence [3]. Exclusion criteria
included evidence of other types of arthritis,
previous fractures, surgical intervention and
treatment with steroids.
The following views of the studied joints have
been obtained: a non-weightbearing anteropos-
terior radiograph of the pelvis (70 kV, 40 mAs,
film-focus distance FFD 100 cm), a single standing
anteroposterior radiograph of the tibiofemoral
joint (60 kV, 25 mAs, FFD 100 cm) and a single
lateral radiograph of the knee taken in 30) of
flexion (52 kV, 8 mAs, FFD 100 cm).Table I
Radiographic scores of cox- and gonarthrosis (modified by Sun et al., 1997)
Type of score Joints Author(s) Year Reference
Overall grading Hip/knee Kellgren and Lawrence 1975 3
Summers et al. 1988 44
Knee Jonasch 1964 45
Mohing 1966 46
Ja¨ger et al. 1978 47
Sundaram et al. 1986 48
Bu¨ll 1986 49
Satku et al. 1986 50
Kannus et al. 1988 51
Merchant et al. 1989 53
Brandt et al. 1991 53
Hip Lies et al. 1984 54
Calvert et al. 1987 55
Mose 1987 56
Croft et al. 1990 9
Scher et al. 1991 57
Lane et al. 1993 58
Individual grading* Hip/knee Burnett et al. 1994 7
Altman et al. 1995 20
Knee Thomas et al. 1975 59
Altman et al. 1987 24
Spector et al. 1992 60
Cooper et al. 1992 21
Scott et al. 1993 6
Hip Altman et al. 1987 24
Ledingham et al. 1992 61
*Individual grading: separate severity grading of single radiographic OA variables.RADIOGRAPHIC SCORING
Three observers with di#erent training levels
(one orthopaedic surgeon familiar with radio-
graphic reading in clinical studies and two ortho-
paedic residents) performed the study. They
retrospectively scored the 100 hip and 100 knee
radiographs on two separate occasions, after they
had held three training sessions—each of two
hours duration—where they agreed on criteria for
radiographic evaluation. During this training
period the readers discussed extensively the
atlases of Kellgren and Lawrence [5], Scott et al.
[6] and Burnett et al. [7].
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severity of six individual radiographic features of
osteoarthritis: superior and medial joint space nar-
rowing (medial joint space measured to the lateral
edge of the acetabular teardrop along a line join-
ing the centres of the femoral heads [8]), supero-
lateral and inferomedial femoral osteophytes,
perifoveal osteophyte, acetabular sclerosis,
subchondral cysts at the femoral and acetabular
joint surface, and deformity of the femoral head.
Osteophytes and joint space narrowing were
graded from 0–3 for increasing severity (according
to Scott et al. [9]; perifoveal osteophytes, sclerosis,
subchondral cysts and bony deformity were graded
as absent or present (0 or 1). Assessment of JSN as
well as other features in scored hips was performed
in comparison to the healthy opposite side. Radio-
graphs also were scored using overall grading
systems developed by Kellgren and Lawrence [5]
and Croft et al. [8] as modified by Scott et al. [9].
For each knee, the following variables were
evaluated on a 4 grade scale (assessment in com-
parison to the atlas as published by Scott et al. [6]):
medial and lateral femurotibial osteophytes,
patellar osteophytes (on the lateral radiograph)
and medial as well as lateral femurotibial joint
space narrowing. Medial and lateral subchondral
sclerosis, osteophytes of tibial spines and chondro-
calcinosis were scored as absent or present (0–1).
For an overall grading purpose the Kellgren
and Lawrence score alone was used at the knee
joint [5].
Each reader graded hip and knee radiographs at
di#erent times in random order. To assess intra-observer reliability, all three investigators
repeated their reading three months later without
knowledge of the previous results.DATA ANALYSIS
Measurement of inter-rater as well as intra-rater
agreement for summary scores and individual
radiographic features was assessed using the intra-
class correlation coe$cient (ICC) as described by
Bartko [10]. This coe$cient quantifies the pro-
portion of variance of ratings that is due to
between-subjects variability, and it can therefore
take values from 0 (variance entirely due to imper-
fect reliability) to 1 (variance entirely due to
between-subject variability). ICC can also be used
for two or more measurements per study partici-
pant. For ordinal variables the ICC is equivalent
to the weighted kappa coe$cient under certain
conditions and values greater than 0.75 are gener-
ally considered to represent good agreement
beyond chance, while values below 0.40 are consid-
ered to reflect poor agreement [11, 12].Table II
Intra- and inter-observer reliability of individual features and overall scores in hip osteoarthritis (intraclass correlation
coefficient=ICC)
Radiographic feature Intra-rater reliability Inter-rater reliability
At1At2 Bt1Bt2 Ct1Ct2 At1Bt1 At1Ct1 Bt1Ct1 Total t1
Joint space narrowing superior 0.96 0.85 0.79 0.84 0.88 0.87 0.78
Joint space narrowing medial 0.85 0.67 0.51 0.46 0.53 0.51 0.36
Osteophyte superior 0.83 0.68 0.81 0.68 0.64 0.78 0.61
Osteophyte inferior 0.87 0.83 0.85 0.80 0.78 0.86 0.77
Perifoveal osteophyte 0.67 0.16 0.49 0.47 0.45 0.56 0.37
Acetabular sclerosis 0.88 0.00 0.25 0.35 0.38 0.52 0.11
Acetabular cyst 0.56 0.27 0.54 0.46 0.52 0.45 0.42
Cyst femoral head 0.71 0.64 0.74 0.54 0.44 0.67 0.50
Deformity 0.83 0.76 0.90 0.86 0.89 0.86 0.83
Kellgren and Lawrence score* 0.88 0.91 0.85 0.91 0.93 0.93 0.88
Overall grading† 0.89 0.82 0.84 0.85 0.86 0.87 0.82
Intra-rater reliability was calculated after two separate readings (t1, t2) of three di#erent observers, A=orthopaedic consultant;
B, C=orthopaedic residents.
Inter-rater reliablity was calculated for three pairs of readers at time t1 and for all readers together (total t1) according to the
technique of multiple ratings per subject (Fleiss and Cohen 1973).
*According to Kellgren and Lawrence 1957, Empire Rheumatism Council 1963.
†According to Scott et al. 1992, modified according to Croft et al. 1990.Results
Table II shows the within- and between-observer
reproducibility of individual radiographic features
and overall grading in hip radiographs, Table III
in knee radiographs. In general, reproducibility
was lower between than within observers for all
single features and summary scores at both joint
sites and the most experienced reader rated most
variables with the highest reliability.
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ficient for intra-reader reliability of individual
features by the most experienced reader ranged
from 0.96 for superior joint space narrowing (JSN)
to 0.56 for acetabular cysts. JSN, osteophytes,
femoral cysts and deformity showed a high within
observer reproducibility for experienced as well as
less trained readers, while values of perifoveal
osteophytes, acetabular cysts and sclerosis in
trainees were not acceptable.
Inter-reader reliability for individual features at
the hip joint was best for superior JSN (average
ICC 0.78) and deformity of the femoral head (0.83),
followed by superolateral and inferomedial osteo-
phytes (0.61 and 0.77). Between observer reproduc-
ibility is worse for medial JSN (average ICC 0.36),
perifoveal osteophytes (0.37) and sclerosis (0.11),
while acetabular as well as femoral cysts show
moderate results (0.42 and 0.50). Overall grading at
the hip joint was performed with a very high
intra-rater as well as inter-rater reliability for both
scores (within observer reproducibility ranged
from 0.82–0.91 for all readers and average between
observer reproducibility was 0.88 for the Kellgren
and Lawrence score [3] and 0.82 for the score of
Croft et al. [8] as modified by Scott et al. [9].
At the knee joint the intra-observer reliability of
both femorotibial osteophytes and JSN was
equally high only in the most experienced reader
(ranging from 0.81 for medial osteophytes to 0.92
for lateral JSN), while the less experienced inves-
tigators graded osteophytes with a high reproduc-
ibility than JSN. Patellar osteophytes showed a
high within observer reproducibility on lateral
knee radiographs (range 0.77–0.85 for all readers)
and so did tibial spine osteophytes (0.62–0.79) aswell as subchondral sclerosis of the lateral com-
partment (0.63–0.86).
In contrast to a high intra-observer reliability,
the inter-observer values for femorotibial JSN
were less satisfactory (average ICC for medial
compartment 0.62 and for lateral compartment
0.47). Even between observer reproducibility for
osteophytes was somewhat lower than in the hip
joint (average ICC 0.75 and 0.74 for medial and
lateral osteophytes). The average values of inter-
observer reliability for other features ranged
from 0.27 for subchondral sclerosis in the medial
compartment to 0.73 for patellar osteophytes.
The Kellgren and Lawrence overall score [3]
again showed a high between observer reproduc-
ibility (average ICC 0.81) and values for within
observer reproducibility ranged from 0.85–0.93.Table III
Intra- and inter-observer reliability of individual features and overall scores in knee osteoarthritis (intraclass correlation
coefficient=ICC)
Radiographic feature Intra-rater reliability Inter-rater reliability
At1At2 Bt1Bt2 Ct1Ct2 At1Bt1 At1Ct1 Bt1Ct1 Total t1
Medial femorotibial osteophyte 0.81 0.79 0.82 0.73 0.73 0.80 0.75
Lateral femorotibial osteophyte 0.84 0.76 0.64 0.65 0.76 0.81 0.74
Tibial spine osteophyte 0.77 0.79 0.62 0.57 0.68 0.64 0.63
Medial joint space narrowing 0.86 0.76 0.64 0.60 0.62 0.63 0.62
Lateral joint space narrowing 0.92 0.41 0.62 0.24 0.72 0.34 0.47
Medial tibial sclerosis 0.55 0.00 0.41 0.27 "0.03 "0.04 0.27
Lateral tibial sclerosis 0.86 0.63 0.65 0.44 0.67 0.15 0.44
Chondrocalcinosis 0.74 0.57 0.79 0.61 0.57 0.36 0.52
Patellar osteophyte 0.85 0.77 0.81 0.71 0.81 0.66 0.73
Kellgren and Lawrence score 0.93 0.85 0.85 0.76 0.84 0.82 0.81
Intra-rater reliability was calculated after two separate readings (t1, t2) of three di#erent observers, A=orthopaedic consultant;
B, C=orthopaedic residents.
Inter-rater reliablity was calculated for three pairs of readers at time t1 and for all readers together (total t1) according to the
technique of multiple ratings per subject (Fleiss and Cohen 1973).Discussion
Since the first radiographic grading system in an
epidemiological osteoarthritis study was presented
by Kellgren and Lawrence in 1957 [3], a total of 27
di#erent scores have been published to assess
individual radiographic features and overall sev-
erity of hip and knee joint OA (see Table I).
Although the clinical significance of all those
specific evaluation techniques and scoring systems
is still discussed controversially [13], a standard-
ized approach to the categorization of those radio-
graphic features at di#erent joint sites is crucial
[14]. Besides already established measures to
standardize patient positioning and radiographic
recording [1, 2, 15] it is very important to select
reading parameters with a high reproducibility in
order to achieve consistent results in clinical and
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studies on reliability of radiographic assessment of
hip and knee osteoarthritis we could show how-
ever, that reported results do not exist for all
identified scores, and comparison of reliability
from performed investigations should be made
with caution given obvious di#erences in their
design [4].
As a consequence from these identified limita-
tions in the recent literature, members of the study
group ‘Osteoarthritis’ of the German Society of
Orthopaedic Surgery and Traumatology decided
to investigate the reproducibility of commonly
used individual radiographic features and overall
scores in hip and knee joint osteoarthritis in con-
sideration of a highly standardized setting [16, 17].
To our knowledge, this is also the first reliability
study where radiographic assessment of both hip
and knee joint osteoarthritis together is performed
by a group not involved in the development of
specific scores.
Based on our results we can confirm some pre-
vious data on the high intra- as well as inter-
observer reliability of superolateral joint space
assessment in hips and femorotibial osteophytes
in knee joints, which are important features in
measuring disease progression and predicting
clinically manifest disease [8, 13, 18].
At the hip joint however, superolateral or infero-
medial femoral osteophytes and acetabular or
femoral cysts should be reported in consideration
of their somewhat lower reproducibility, while
grading of medial joint space narrowing, peri-
foveal osteophytes [19] and subchondral sclerosis
can not be recommended as a routine procedure
due to their insu$cient within and between
observer reproducibility. Whether the introduc-
tion of four severity grades for an ordinal rating of
cysts and sclerosis as recommended in the recently
published OARS atlas [20] will improve their
reproducibility in comparison to dichotomous
reading as performed in our as well as most other
studies, must be further analyzed.
At the knee joint our rating of femorotibial joint
space narrowing seems to be highly influenced by
the experience of the reader, which results in a
wide range of within observer reproducibility
and an only moderate to intermediate between
observer reproducibility. Although other groups
have described su$cient reliability for this import-
ant feature [21–23] they did not separately read the
medial and lateral femorotibial compartments. In a
reliability study of the ‘Baltimore Longitudinal
Study of Aging Atlas of Knee Osteoarthritis’ Scott
et al. [6] could demonstrate di#erent results for
both compartments with a higher reproducibilityof JSN on the medial side, but they did not
comment this interesting phenomenon.
Progression of joint space narrowing can be
regarded as the hallmark for progression of hip
and knee joint OA, as Altman et al. [24] and other
investigators [23, 25, 26, 28] could demonstrate.
Therefore it is mandatory to assess JSN especially
in structure-modifying drug trials with a high
precision and reproducibility. In addition to a
grading of joint space width based on the
described semi-quantitative approach newer
measurement techniques have therefore been
developed for applicaiton in hip as well as knee
joints [25, 27–32]. Until these techniques, for
example the promising approach of quantitative
microfocal radiographic assessment [32], become
routinely available, a ruler or calliper measure-
ment in addition to the use of magnifying glass is
strongly recommended for inter-bone distance in
knees and hip joints [2]. According to recent inves-
tigations it is furthermore adviseable to perform
standing X-rays not only in knee joints but also in
hips [27], as weightbearing seems to improve the
accuracy of joint space measurement in these
joints as well [33].
In our investigation, subchondral sclerosis as
well as joint space width was rated with a di#erent
reliability in the medial and lateral femorotibial
compartment. It might be possible however to
achieve results with a more satisfying reproduc-
ibility, if this feature would also be graded on an
ordinal scale instead of a dichotomous one as
advocated by Altman and the OARS study group
[20].
Radiographic assessment of patellofemoral osteo-
arthritis can be performed on lateral as well as
skyline views. A drawback of our study is the
restriction on lateral X-rays and the exclusion of
other radiographic features than patellofemoral
osteophytes. Although the results revealed a suf-
ficient reproducibility and lateral views might
nevertheless provide additional information [34],
there is a tendency towards assessment of JSN,
osteophytes and patellar subluxation separately in
the medial as well as lateral patellofemoral com-
partment [20]. Since this detailed assessment is
only possible on axial radiographs and their high
sensitivity for predicting knee pain has already
been proven [35], the skyline view should be the
preferred method of assessing the patellofemoral
joint in future radiological OA surveys [2, 35, 36].
The reproducibility results of overall grading
from our study are in conflict with some other
reports [8, 21, 37–40], who point at a relatively
low reliability of the Kellgren and Lawrence score
especially at the hip joint. It is possible that
244 Gu¨nther and Sun: Reliability of radiographic OA assessmentpoor results are mainly due to inconsistencies
in definition of severity grades by Kellgren and
Lawrence themselves in di#erent publications
[41, 42] as discussed extensively by Spector and
Cooper [13]. However, our results show that pre-
cise definition of the features and severity grades
with the help of standardized atlases can lead to a
high reproducibility of overall scoring systems in
hip and knee osteoarthritis. Whether this obser-
vation strengthens the application of summary
scores in epidemiological studies depends on some
additional aspects, for example their debated
sensitivity to change [25].
Finally our investigation confirms recent
recommendations [1, 43], that radiographic read-
ing in multicentre studies should always be
performed centrally by an experienced investi-
gator, as intra-observer reliability of nearly all
recorded features is clearly depending on the
individual experience of the reader.
In conclusion, our investigation has tried to
overcome some identified limitations of former
reliability studies of scoring systems. The results
show that a reliable radiographic classification
of the severity of hip and knee osteoarthritis is
possible by relevant and joint site specific indi-
vidual features as well as overall assessment. A
standardized setting and training of involved
readers is mandatory. The limited reproducibility
of certain features however (subchrondral
sclerosis, cysts and medial JSN at the hip) neces-
sitates further improvement of classification
systems and measurement techniques.Acknowledgments
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